We hypothesize that neuritis will occur in more nerves with a wider distribution than in primary repair. METHODS: Retrospective chart review of thirty consecutive recurrent inguinal hernia repairs concentrating on the occurrence of inguinal neuritis. These are not chronic pain patients. Nerves suspected of containing inguinal neuritis were sent for histologic examination. Ilioinguinal nerves were routinely resected. Operative parameters and nerve pathology reports were reviewed. These data were compared with a recent series of one hundred consecutive primary inguinal hernia repairs with a 34% incidence of inguinal neuritis. An independent statistician from Whitman University reviewed the data. RESULTS: Twenty patients were found to have inguinal neuritis among thirty recurrent open inguinal hernia repairs (66%). This compares to 34% among primary repairs, but it is a similar rate (P > 0.42) assuming that the damaged nerve was left intact in 34% of these recurrences during the primary repair. In recurrent inguinal hernia 69% of neuritis occurred in the ilioinguinal nerve compared to 88% of damaged ilioinguinal nerves in the primary hernia. A test for the difference in proportions gives P > 0.10. The most common site of neuritis occurrence in recurrent hernias with nerve damage to the ilioinguinal nerve was at the external oblique neuroperforatum among 70% of patients compared to 83% in primary cases. A test for difference in proportions gives P > 0.36. Two separate nerves were found to exhibit neuritis in six patients (20%) significantly higher than 1% among primary hernias (P < 0.01). CONCLUSION: The overall incidence of inguinal neuritis was 66% in recurrent inguinal hernia repairs. The ilioinguinal nerve was most commonly affected in these recurrent hernias. Inguinal neuritis occurs more commonly in recurrent hernia compared with primary inguinal hernia; however, it has a similar distribution. Neuritis occurs in two nerves with 20% frequency (P < 0.01), so all nerves should be assessed during recurrent herniorrhaphy. The data support the hypothesis.
Introduction
Inguinal neuritis is a degenerative condition of the named sensory nerves of the inguinal canal as found during inguinal hernia repair. The nerve is grossly noted to be twice the normal diameter of the contiguous nerve. A white thickening of the nerve typically about 1 cm in length is seen, possibly longer [1] . Frequently this is associated with obvious surrounding fibrosis. Neuritis is commonly found situated where the nerve pierces through the external oblique fascia. Typically this occurs at the external inguinal ring, but it may be through an "aponeurotic buttonhole" medial to the external inguinal ring (present in 10% -18% of patients) [2] - [4] . It is postulated that the local compressive force of the hernia damages the nerve with coughing and valsalva maneuvers. Histologically this is associated with perineural fibrosis, Renaut bodies, fibrotic epineural tissue, edema, fragmentation, and other mixed neurological findings.
Inguinal neuritis has recently been reported in primary inguinal hernias and therefore seems to be independent of prior operative trauma. Inguinal neuritis occurs in 34% of patients with primary inguinal hernia [1] . When present it affects the ilioinguinal nerve in 88% of cases. It most frequently occurs at the neuroperforatum. At this site the nerve penetrates the fascia. Friction occurs easily at that site with the pressure of the hernia contents behind it.
Since inguinal neuritis has been shown to be present in 34% of primary inguinal patients and if operative trauma sometimes results in chronic pain [5] we postulate that inguinal neuritis will be found in more nerves and in a wider distribution in the length of that nerve in recurrent hernia than is present in primary herniorrhaphy.
Methods
A retrospective chart review was conducted of thirty consecutive recurrent inguinal hernia patients, who underwent Lichtenstein repair. The study was previously exempted by the local investigative review board. The gross appearance of nerves, visualization of the iliohypogastric, ilioinguinal and genital branch of the genitofemoral nerves were gleaned from operative reports. Neuritis was recognized by whitish nerve thickening of twice or more of the normal nerve diameter. The involved nerve and the site of involvement were determined from the dictated operative note. The type of prior repair, presence of mesh, and proximity of suture to nerves were noted. A uniform pain scale was not utilized and therefore pain data cannot be obtained. These were elective recurrent inguinal hernia patients with varying degrees of discomfort, not chronic postherniorrhaphy pain patients. Iliohypogastric and genital femoral nerves were selectively resected if suspected of harboring neuritis. It is the bias of this surgeon to routinely perform neurectomy of the ilioinguinal nerve during Lichtenstein repairs.
The suspected nerves were sent for histological examination after planned neurectomy, including a segment in excess of 6 cm. This was examined by the community pathologist and results of the pathologist's reports were tabulated with corresponding operative findings.
Accumulated data of these 30 recurrent inguinal hernia repairs were statistically compared with the results of a similar study of 100 primary inguinal hernia repairs previously published [1] . Whitman University Statisticians compared the data sets.
Results
Thirty recurrent inguinal hernia operative reports and pathology reports were reviewed and the results were tabulated. Not all nerves were seen during surgery and of the nerves seen the, ilioinguinal was most frequently resected for histologic examination. The genital branch was frequently abnormal if seen, and the iliohypogastric was least frequently abnormal. The presence of neuroma was frequently confirmed by the pathologist ( Table 1) . These operations were all first time recurrences. Seven of the patients had repair as a minor, but most had prior adult repairs. Eighteen patients had no prior mesh and prior laparoscopic repair was only present in five of the thirty patients ( Table 2) .
Most of the hernias had been repaired many years prior with only three patients having had repair within the last two years ( Table 3) .
There were 20 patients having inguinal neuritis among thirty recurrent Lichtenstein inguinal hernia repairs (66%). The most affected nerve in recurrent hernia is the ilioinguinal nerve accounting for 69% of neuritis cases. Inguinal neuritis most frequently occurred at the site where the nerve emerges from below the external oblique fascia-the external oblique neuroperforatum-accounting for 69% in recurrent repair. One patient had neuritis associated with earlier placed mesh, but all other instances of neuritis were not associated with materials from prior hernia repair (Table 4) . Iliohypogastric neuritis occurred diffusely in one patient (in association with mesh), and distally at the neuroperforatum in two of three cases (Figure 1) .
Ilioinguinal neuritis occurred diffusely in one patient and was in contact with mesh. It was associated with the cord in two patients and at the internal inguinal ring in one patient. In a total of twelve it occurred at the neuroperforatum and in eleven of those this was at the external inguinal ring. Two patients had neuritis evident at a nerve bifurcation point distal to the external inguinal ring (Figure 2) .
Neuritis in the genital branch of the genitofemoral nerve occurred at the fascial neuroperforatum in four cases, three of which were at the external inguinal ring. The neuroperforatum in one of these cases though was inferior and lateral to the external inguinal ring. One occurred at a bifurcation point in the medial floor. This was in a female ( Figure 3) .
A total of 26 nerves were found to have inguinal neuritis, 18 ilioinguinal nerves, 3 iliohypogastric nerves, and 5 with genital branches ( Table 1) . Neuritis occurred in multiple nerves in recurrent hernia more frequently that found in primary inguinal hernia. Four patients had involvement of both the ilioinguinal and genitofemoral nerves, and two patients had involvement of both the iliohypogastric and the ilioinguinal nerves. There were no patients who had a combination of the genital branch and the iliohypogastric nerve. Overall 20% of patients with neuritis had multiple nerves involved ( Table 5) .
Despite the diffuse scarring present in the dissection found in all recurrent patients, neuritis was diffusely evident only in one patient. Focal neuritis was commonly found, and most commonly concentrated at the neuroperforatum (Figure 4) . Of 26 nerves exhibiting neuritis, 18 were found at the neuroperforatum, similar to primary inguinal hernia. In five damaged nerves, the site of the neuritis was not described in primary inguinal hernia: two along the spermatic cord, two diffusely (associated with mesh, in the same patient), and one at the internal inguinal ring. Three patients were found to have neuritis occurrence distal to the external inguinal ring associated with nerve bifurcation, as described in primary hernia. Twenty patients were found to have inguinal neuritis among thirty recurrent open inguinal hernia repairs (66%). This compares to 34% among primary repairs, but is a similar rate (P > 0.42) assuming the damaged nerve was left intact in 34% of these recurrences during the primary repair ( Table 6) .
Two separate nerves were found to exhibit neuritis in six patients (20%), significantly higher than the 1% among primary hernias (P < 0.01) ( Table 6 ).
In recurrent inguinal hernia, 69% of neuritis occurred in the ilioinguinal nerve compared to 88% of damaged ilioinguinal nerves in the primary hernia. A test for the difference in proportions gives P > 0.10 ( Table 6) .
The most common site of neuritis in recurrent inguinal hernia was the external oblique neuroperforatum (69%) compared with 83% in primary cases. A test for difference in proportion shows P > 0.36 (Table 6 ).
Discussion
In this study patients underwent elective open repair of recurrent inguinal hernia and had a variety of prior operation types, some of which were performed as children. These were not chronic pain patients but those with symptomatic or even asymptomatic hernias. The hypothesis was that prior operative trauma should result in a wider distribution of inguinal neuritis than is present in primary inguinal hernia when comparing primary repair to recurrence repair.
The basic science of histological examination of inguinal hernia nerves is a recent undertaking and may lead to insights into why patients have pain at presentation with their hernia. Numerous studies have shown benefit in routine neurectomy during open inguinal herniorrhaphy [6] - [9] . Neurectomy with open inguinal hernia repair allows for histological examination of nerves previously thought to be normal. This study is not designed to answer pain questions, but to demonstrate sensory nerve damage associated with recurrent inguinal hernia. The first report of sensory nerve damage showed 34% incidence of inguinal neuritis in a small personal series of 100 consecutive patients of primary inguinal hernia [1] . The nerve was considered a candidate for selective neurectomy in that series if it was found to be thickened to twice the diameter of the nerve within its investing fascia. Typically an abnormal nerve is whitish and adherent to surrounding structures in the primary inguinal hernia. In 88% of cases this involved the ilioinguinal nerve, and in 93% of cases the nerve damage occurred within a centimeter of the neuroperforatum-where the nerve pierces the external oblique fascia. Frequently this is at the external inguinal ring; however in 18% -28% of perforation sites with the ilioinguinal nerve this is a small fascial aperture medial to the external inguinal ring [2] - [4] . The iliohypogastric nerve nearly always passes through a similar aperture.
The results, however, demonstrated a strikingly similar distribution of nerve injury with inguinal neuritis occurring in the ilioinguinal nerve in 69% of patients and at the neuroperforatum in 69% of patients. It was twice as common however, at 66%. The location of the neuritis suggests that the intraabdominal pressure injures the nerve as it passes along the edge of the external oblique fascia through the neuroperforatum causes histological changes of fibrotic reaction and Renaut body formation. The finding of Renaut bodies has experimentally been shown to be associated with nerve compression sites cadaver studies [10] and experimentally to be caused by compression [11] . This data suggests that primary nerve damage is most frequently caused by the hernia itself, rather than the operative damage.
Inguinal neuritis occurs twice as often in recurrent hernia compared to primary inguinal hernia. Some of this difference may be accounted for by technical differences between the studies. In the primary repair study the ilioinguinal nerve was resected only if suspected of being abnormal, but in recurrent hernia it was routinely resected. Eighteen of twenty one nerves were found histologically abnormal by the pathologist, so if routine neurectomy were carried out in primary repair, the incidence may have been higher than clinically appreciated. Additionally when the recurrent hernias had originally been operated on the surgeon may have left an affected nerve intact only to be discovered after the recurrence. This was assumed to be the case in our statistical analysis, but this assumption may not be valid, especially in the repairs done on minors who later became recurrent.
Critics of open herniorrhaphy may point to the higher rate of neuritis in recurrent hernia as evidence that open repair damages nerves. There is some evidence to support this. A single patient with dual nerve neuritis associated with a mesh, a single occurrence at the internal inguinal ring and a higher rate of dual nerve involvement, particularly involving the genital branch. In contradiction six of seven patients with mesh did not have diffuse involvement.
The occurrence of neuritis in the genital branch was uncommon in primary repair (3%), but higher in recurrent repair (5 of 30, 16%) . This may be a small number sampling error of course, but operative factors may be at play. If during the primary repair the spermatic cord is opened but the cremaster is not closed the genital branch can be directly exposed to scarring or mesh and consequently the direct frictional forces at the external inguinal ring (3 of 5 cases of genital neuritis). Closure of the cremaster is now recommended by Ahmed to prevent this type of nerve exposure. Similarly, neuritis was found in a woman whose round ligament was preserved rather than resected during her primary repair; thus leaving the genital branch exposed.
In this study inguinal neuritis occurred in multiple nerves in 20% of patient's undergoing recurrent inguinal hernia repair; this seems a departure from the findings in primary inguinal hernia repair. For surgeons undertaking open herniorrhaphy it is recommended these nerves routinely be examined at their full length as the site of involvement is not always as uniform as with primary herniorrhaphy. Additionally the occurrence of neuritis in the genital branch, if not protected within the cremaster muscle, is significantly higher among recurrent inguinal hernia patients and should be watched for carefully.
The general consensus permeating literature regarding postherniorrhaphy pain is that the surgeon, by whatever technique he has used, has actively caused damage to the nerves [12] - [16] . The Reinpold study [17] has now shown that mobilization of the ilioinguinal nerve during open repair causes short term and long term pain with data extending out to ten years. In patients with chronic postherniorrhaphy pain the patient's reoperation to alleviate that pain many times shows evidence of direct injury from suture, tacks, and mesh contraction [18] . In this series, although nerves were abnormal in 66%, only one patient had neuritis associated with foreign body.
The preponderance of neuritis cases however, occur in a similar distribution as found in primary herniorrhaphy. Namely the ilioinguinal nerve involvement at the neuroperforatum. This suggests that force vectors common to the hernia are inflicting damage to nerves in its trajectory as the hernia descends within the inguinal canal. This is clinically seen as the mushrooming of the hernia seen near the external inguinal ring.
The primary hernia patient is most frequently motivated to proceed with repair because of pain. The question of why hernia pain is present may lie in the histology. Recent autopsy studies in incidental hernia have garnered several destructive findings near the internal inguinal ring including arterial intimal hyperplasia and occlusion, venous engorgement [19] , and degeneration of muscle and motor nerves [20] . Additionally the findings of sensory nerve deterioration due to mechanical effects of the hernia may predispose to neurogenic pain preoperatively, as well as postoperatively in preserved nerves.
Studies have demonstrated that preoperative pain strongly correlates with chronic postherniorrhaphy pain [21] - [24] . Since histology demonstrates frequent pathology in sensory nerves, the local compressive effect of the hernia may have already set the course for chronic pain syndrome. Both O'Dwyer [25] and Fitzgibbons [26] have now concluded that most patients with watchful waiting will convert to operative course within ten years, predominantly for reasons of pain. It is therefore advisable to operate on patients with asymptomatic hernia before neuritis or other permanent degenerative changes can become a part of the pathology in the inguinal canal.
The utility of this study is limited by a number of factors. The primary purpose of these patient's operations was to repair the hernia not to conduct a thorough anatomical dissection. Therefore the iliohypogastric nerve was not seen in 17 of 30 patients. Therefore the incidence of iliohypogastric neuroma may be underestimated. Secondly the genital branch was usually not seen and also may be underrepresented. The ilioinguinal nerves were not identifiable in 7 of 30 patients also indicating there may be a gross underestimation of the incidence of neuroma in these specimens. Many surgeons in the past had not admitted to resecting the ilioinguinal nerve but were routinely doing it and it is possible the ilioinguinal nerve may have been removed in some of these patients with the prior repair.
Most inguinal hernia repairs performed in the open fashion now are performed with mesh. Seventeen of these patients had not been repaired with mesh. The finding of dual nerve involvement with one of the seven open mesh patients would suggest that there may be more diffuse nerve involvement in patients with routine utilization of mesh. This has certainly been suggested theoretically by those who prefer a laparoscopic positioning of mesh away from the nerves. The small sample size with mesh does not allow a good evaluation of that possibility. This is a small introductory study with limited findings and further research must be conducted to find if any correlation with preoperative pain exists. Preoperative pain scale studies correlating inguinal neuritis need to be routinely applied to patients undergoing neurectomy. Resected nerves should be consistently submitted for histological examination with attention to the thickened segment.
Conclusions
The overall incidence of inguinal neuritis was 66% in recurrent inguinal hernia repairs. The ilioinguinal nerve was most commonly affected in these recurrent hernias. Inguinal neuritis occurs more commonly in recurrent inguinal hernia repair compared with primary inguinal hernia; nevertheless, it has essentially the same distribution when it comes to the ilioinguinal nerve.
With recurrent hernia however, involvement of more than one nerves and involvement of the genital branch are more common and the entire operative field should be examined very closely for evidence of neuritis in recurrent inguinal hernias. The hypothesis that inguinal neuritis will be found in more nerves and widely distributed locations of neuritis is supported by these data.
